Abstract: Every practicing urologist encounters patients complaining of chronic scrotal content pain (CSCP). This condition can be equally frustrating for both patients and clinicians as there are no clear treatment guidelines, or pathways, for urologists to follow. As a result, most patients typically seek out multiple providers without improvements in their symptoms. Fortunately, microsurgical spermatic cord denervation (MSCD) is becoming an accepted, reliable and reproducible technique for definitively addressing CSCP in select patients. This manuscript reviews the background, effectiveness and current practice guidelines for scrotal pain in general, and MSCD in particular. Technical insights into how this technique can be performed both safely, and efficaciously, are provided. Finally, the manuscript presents a simple, yet detailed, easy to follow treatment algorithm to aid all urologists in the management of patients presenting with chronic pain.
Introduction
Chronic orchialgia is a common urologic complaint accounting for ~2.5% of new patient visits (1) . Despite this, its etiology and pathophysiology are poorly understood and, as a result, many patients fail to receive adequate treatment.
Defined as an intermittent, or constant pain that interferes with activities of daily living for at least 3 months or more, patients with chronic orchialgia frequently localize pain to other scrotal structures, such as the epididymis, spermatic cord, and other para-testicular components (2) . As such, some experts have proposed the use of the term chronic scrotal content pain (CSCP) to be a more appropriate term for this condition (3, 4) . CSCP can manifest at any age; however, the majority of patients initially present in their mid to late thirties and will frequently see multiple urologists during the course of their workup (5, 6) .
Pain in the scrotum can either be the result of a direct process (tumor, hydrocele, torsion etc.) or it may be referred from structures with shared innervation (i.e., a mid-ureteral stone, vascular aneurysm, indirect inguinal hernia). Consequently, a comprehensive understanding of the afferent innervation supplying the scrotal contents is essential. Primarily, the ilioinguinal nerve and the genital branch of the genitofemoral nerve provide somatic innervation of the scrotal contents (5, 7, 8) . Autonomic fibers from the parasympathetic ganglia of T10-12 supply the testis and fibers from the T10-L1 ganglia supply the epididymis and vas deferens (8, 9) . These fibers then converge within the spermatic cord into three separate structures to form what has been described as the "trifecta nerve complex" consisting of the peri-vasal complex, the posterior peri-arterial/lipomatous complex, and the intracremasteric complex (10) . The unmyelinated C fibers and
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Chronic scrotal pain and microsurgical spermatic cord denervation: tricks of the trade Alex Tatem 1 , Jason R. Kovac myelinated A fibers within these nerves then carry the pain message cephalad via the dorsal horn of the spinal cord, along the medial and lateral spinothalamic tracts, and then finally to the brain (3). Appreciation of this architecture provides the foundational understanding upon which microsurgical intervention is based. The process by which acute pain becomes chronic is poorly understood. It is currently believed that progress from acute to chronic pain occurs in discrete, pathophysiologic steps (11) . Traditionally, noxious stimuli lessen as healing progresses. This leads to decreases in perceived pain until finally, resolution is achieved. Persistent, painful stimuli are known to activate secondary mechanisms both at the periphery and within the central nervous system that cause allodynia, hyperalgesia, and hyperpathia. These signals can then induce physical changes in the sensory nerves including Wallerian degeneration that predisposes the patient to feel pain more easily (10) . From a psychological perspective, the patient becomes extremely sensitized to any painful stimulus that occurs at, or near the region of the scrotum. This creates a 'cycle of pain' whereby initial painful stimuli makes the patient hyper-aware of any negative sensation in the region and thus, much more likely to notice any subsequent discomfort. This 're-setting' of the pain commences the cycle anew, and potentially results in a decreased pain threshold and increased pain sensitivity.
Patient evaluation
Chronic pain is a complex process with multiple contributing factors ranging from the anatomic to the psychosocial. Accordingly, evaluation of a patient with CSCP should proceed in a methodical and step-wise fashion. Initial efforts should be focused on ruling out underlying medical and anatomic causes such as a tumors, intermittent torsion, active infection, or varicocele ( Figure 1) .
A comprehensive history and physical should fully describe the onset, location, duration, character, severity, and radiation of the patient's pain (Figure 1) . A dull, aching, persistent pain is considered to be classic for CSCP while severe, intermittent pain may be more indicative epididymitis, orchitis or even intermittent torsion (12) . Practitioners should also endeavor to identify aggravating and alleviating factors. Many patients with genital pain experience worsening of their symptoms with prolonged sitting and constipation. Any prior surgeries (especially scrotal, inguinal, retroperitoneal, and spinal surgeries) should be thoroughly investigated. If a new, or recurrent hernia has been identified then referral to general surgery should be the first step. A history of prior vasectomy is particularly important as anywhere from 6-30% of vasectomized patients will develop post-vasectomy pain syndrome (PVPS) (13, 14) . In these cases, developing a link between the time of the vasectomy and the development of the pain is critical. Appropriate questioning regarding the patient's social circumstances and the current level of disability caused by his pain can be helpful in identifying the potential for secondary gain. A thorough past medical history should reveal the presence of any other history of chronic pain, injury, or psychiatric illnesses such as depression.
In all cases, a frank discussion should be had with the patient regarding the level of bother he associates with his pain. How does his pain affect his day-to-day life? How long has he been seeking care for this problem? Is he willing to undergo surgery? Questions such as these can paint a more global picture regarding the patient's current situation and may help guide practitioners when deciding how quickly to proceed/or advance through the steps of medical and surgical management (Figure 1) .
Physical exam should focus on the genitalia and pelvic floor. If the patient's pain is unilateral, the contralateral side should be initially examined to divert the focus away from the pain. Mentioning this to the patient prior to examination is important as to allow them to brace themselves. Special attention should then be paid to the testes, epididymis, and spermatic cord. A rectal exam and examination of the pelvic floor musculature is indicated as up to 63% of men with chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) will report comorbid scrotal content pain (4, (15) (16) (17) . This determination is important as it affects what treatments are available to the patient.
Patients can undergo scrotal duplex ultrasound to rule out anatomic causes for pain while patients with a history of radiating back pain may warrant additional imaging in the form of CT or MRI. Urinalysis with urine culture should be utilized to rule out infection. Although each of these steps are critical for ruling out reversible causes of scrotal pain, it is worth noting that up to 50% of men with CSCP will have no identifiable etiology (2, 18) .
Medical management
Medical management of CSCP is often made more challenging by the paucity of clear guidelines and research in the medical literature. Initial treatment should focus on conservative management such as tighter-fitting underwear, scrotal support, ice/compression and avoidance of activities that evoke pain.
Following failure of conservative strategies, a single 2-4 weeks course of empiric antibiotics is a reasonable first step for men with signs and symptoms consistent with infectious epididymo-orchitis. Quinolone antibiotics and trimethoprim/sulfamethoxazole are preferred agents as their lipophilic nature that allows them to thoroughly penetrate both the testis as well as the epididymis. Although a negative urine culture does not rule out the possibility of infection, a positive result can help further tailor antibiotic selection.
With regards to pain control and management, a 2-4 weeks trial of anti-inflammatories is also a logical consideration for first choice therapy. Typically, we recommend a regiment of ibuprofen (PO 600-800 mg q 4-6 hours), celocoxib (PO, 200 mg daily) (19) or naproxen (500 mg PO BID). The latter of these is typically the most cost-effective. In men with pain refractory to NSAID therapy, other oral agents including both gabapentin and amitriptyline have been shown to possess some efficacy in mitigating the symptoms of CSCP (Figure 1) . Sinclair et al. found that out of 19 patients with chronic testicular pain, 61.5% of those initiated on gabapentin and 66.6% those initiated on nortriptyline reported 50% or greater improvement of their pain (20) . Since TCA therapy may take 2-3 weeks of treatment prior to achieving therapeutic effect, we recommend 10-20 mg of amitriptyline nightly for at least one month (21) . If this is unsuccessful, gabapentin 300 mg three times daily can be added in replacement of, or in addition to, TCA therapy. A further neuromodulator, pregabalin/lyrica, can be given at 75-150 mg daily; however, insurance coverage typically necessitates failure with gabapentin prior to coverage. Several adjunctive treatment options are also available. Clinical experience and limited literature has shown that lifestyle modifications can improve symptoms for certain CP/CPPS patients (22) . These measures include alteration of fluid intake and avoidance of factors that may trigger symptoms such as caffeine, citrus products, or chocolate (23) . For men with pain that is aggravated by prolonged sitting, scheduled breaks during the workday may provide some relief. Although results have historically been variable, Chen et al. recently showed in a placebo-controlled, prospective phase III study of 100 Chinese men that tamsulosin can significantly improve CP/CPPS symptoms as measured by NIH-CPSI (24) . This is contrast to previous studies that examined older, second generation alpha-blockers such as alfuzosin (25) .
Physical therapy is another adjunctive option that has long been a mainstay of treatment for CP/CPPS. A recent retrospective study of 30 patients by Farrell et al. has confirmed that its benefits appear to extend to members of the CSCP population who demonstrate CP/CPPS symptoms on digital rectal exam (26, 27) .
Narcotics simply mask the symptoms of CSCP without treating the underlying condition and carry significant risks to overall patient well-being. These medications are hardly ever helpful in the long-term and should be strictly limited. Local cord blocks can also provide short-term benefit and are much preferred. When medical management and lifestyle adjustments are found to be unsuccessful, the next step is typically surgery.
Microscopic vasovasostomy is an accepted option for men suffering post-vasectomy pain syndrome, but this obviates the goal of the patient's initial surgery and is clearly limited to this specific patient population (28) (29) (30) . For patients with a clinically apparent varicocele, it is prudent to discuss varicocele repair but if their pain is actually neuropathic rather than vascular, their pain may still persist post-operatively (31) . Indeed, in cases where a varicocele is present in the setting of scrotal pain, we tend to offer a more aggressive varicocele repair consisting of aggressive dissection of the cremasteric fibers as well as spermatic cord vasculature. Varicocele repair for chronic pain is best reserved for non-vasectomized men with a strong desire for future paternity.
Although both orchiectomy and epididymectomy have been historically described as options for addressing CSCP, their success is variable with rates ranging from 20-70% (2,32,33). As such, most consider these to be treatments of last resort (Figure 1) .
For all others, microsurgical spermatic cord denervation (MSCD) offers a minimally invasive option for treatment of CSCP with minimal morbidity, durable results, and success rates in excess of 70-80% (4,18). As such, MSCD has become a primary surgical intervention for this patient population.
Patient selection and technique for MSCD
The first critical step for successful MSCD is patient selection. When no medically reversible cause can be identified for a patient's scrotal pain and MSCD is being considered, patients should first be screened with an in-office spermatic cord block to assess success (18, 34) . The primary goal of the spermatic block is develop a temporary resolution of the pain over the next 6-8 hours over which the anesthetic will be effective. If successful, this would strongly suggest that neural stimulation is the result of the pain and discomfort.
Although a variety of agents can be used, we prefer to perform blocks with a generous injection of 10-20 cc of a 50:50 mixture consisting of 2% lidocaine with 0.25% bupivacaine at the level of the pubic tubercle. Bupivacaine blocks the fast voltage-gated Na channels essential for neuronal transmission and has a longer duration of action (4-8 hours) compared to that of lidocaine (~2 hours) (35) . The spermatic cord can be readily palpated at this level after exiting the external inguinal ring, allowing for easy targeting of the injection. For patients with challenging anatomy secondary to obesity or prior surgery, ultrasound guidance is easily utilized to ensure good positioning of the block (36) . After performing the block, the patient's response is assessed with a rating on the numerical pain scale, which is then compared to a pre-block value.
Although some authors endorse the use of 'sham blocks' with normal saline as part of the screening process, we do not recommend this for routine clinical practice given obvious ethical concerns (4, 37) . Occasionally, patients may report relief of their pain lasting much longer than the halflife of the anesthetic used. Although some authors may postulate that this indicates a non-anatomic cause of the patient's scrotal pain, this positive outcome can often be the result of breaking the previously mentioned 'cycle of pain'. Some patients, upon finding even temporary relief to their pain, become less sensitized to subsequent painful stimuli. In some cases, these patients can be followed and managed conservatively, either with medical therapy or interval blocks. True responders are defined as patients who experience a transient relief of their pain in excess of 90%. These patients are then considered as candidates for MSCD.
Multiple techniques for MSCD have been described over the years. The procedure was first reported in 1978 (38) . In regards to incision site selection, there are essentially two approaches: the traditional inguinal approach or a subinguinal approach. Both options have been described with good success and each has their relative strengths (39) (40) (41) . The inguinal approach, as described by Devine et al. in their original 1978 paper, allows the surgeon to bury the proximal segment of the ilioinguinal nerve after being severed to reduce the risk of neuroma formation while the subinguinal approach may be more comfortable for some surgeons as this approach is similar to that for microscopic varicocelectomy. The non-muscle splitting nature of the subinguinal incision has led to this approach being the modality of choice in this operation. Both have been described with good results (4, 18) .
After incision, the cord is isolated circumferentially. At our institution, we elect to use Army/Navy retractors to dissect through the subcutaneous tissues down to the level of the cord. The Babcock grasping forceps are then utilized to grasp the cord atraumatically. Any remaining attachments are brushed away bluntly with a Kittner dissecting instrument. Once free, the cord is elevated and supported with the assistance of a knife handle to tent the cord up into the incision. The external spermatic fascia is then opened anteriorly, exposing the cord contents. An operating microscope is then brought into the field.
Initially, all cremasteric fibers are identified and transected with care being taken to avoid damage to the cremasteric artery. Given the potential for sympathetic innervation of these structures and the possible contribution of cremasteric spasm to CSCP as a whole, this extra step can serve to make a large impact in resolution of a patient's scrotal pain.
Once the cremasteric fibers have been removed, with the operating microscope and intraoperative Doppler ultrasound, each of the cord structures are systematically identified including the testicular artery, testicular veins, vas deferens, and lymphatics. Great care must be taken to identify and preserve the testicular artery while the testicular veins are ligated between 2-0 or 3-0 silk ties in a sequential fashion (Figure 2) .
In men who have not undergone vasectomy, we elect to preserve the vas deferens as backpressure with subsequent epididymal congestion resulting from ligation have been theorized to be contributing factors towards post-vasectomy pain syndrome (14) . In men who have not had a vasectomy and do not have any interest in fertility, the outer vasal sheath is stripped for approximately 2 cm as studies have shown extensive innervation of this structure (10) . The vas is divided once more and an approximate1 cm segment is excised. The lymphatics are preserved as they do not possess any inherent innervation and are necessary to leave in situ to reduce the risk of postoperative hydrocele.
With the testicular artery and lymphatics preserved, flow in the artery in confirmed one last time before returning the cord to its original position. The wound is injected with a generous amount of 2% lidocaine and 0.25% bupivacaine mixture and closed in layers. A scrotal support with fluffy dressings is then applied.
It is important to educate patients that post-operative pain is normal and any true pain relief from the surgery itself may not be appreciated for several weeks. If pain is unchanged several months post-operatively, it is only then that more drastic measures, such as orchiectomy, are considered.
Outcomes and complications
Several studies have examined the efficacy of MSCD over the years. In 2008, Strom and Levine published their cumulative experience to date with a total of 95 testicular units from 79 men (18) . Each of these men had failed (4) . Each of these patients underwent a similar workup including a positive response to a series of injections including a normal saline 'sham block'. Six months following surgery, 40 (80%) patients reported completed resolution of their pain and 6 (12%) reported persistent intermittent discomfort that was able to be managed with NSAIDs. Complications included a single hematocele and a single hydrocele that were both managed with secondary procedures.
Conclusions
CSCP is a challenging but a not uncommon dilemma that every urologist will encounter. Although treatment for it has historically been unsatisfying, there are now a number of proven interventions available to practitioners. Lifestyle modifications and judicious anti-inflammatory use may reduce patients' reliance on prescription medication while physical therapy empowers patients with coping exercises and allows them to take control of their own disease process. For those patients that require further assistance, various non-narcotic and non-habit forming medical regimens are available. Even when all these measures fail, MSCD offers an efficacious solution with 80-88% of patients reporting significant or total pain relief (4, 18, 37) . The systematic approach presented in this current manuscript offers a reasonable framework that trained microsurgeons can refer to throughout the management of CSCP.
